Introduction:Strawberry is a popular fruit with high visual appeal and a desirable taste [1] .that is also rich in vitamins, anthocyanins, flavonoids, and polyphenolics [2, 3] . In China, the strawberry harvest season ranges from October to May. Normally, a cultivar that produced fruit before the Spring Festival is called "winter strawberry", while one that produces fruit after the Spring Festival is called "spring strawberry". As fewer fruit are produced in winter, the "winter strawberry" is gaining attention from farmers because of its higher economic value. Cultivars that are available earlier in the season result in higher earnings for the farmers. Farmers, therefore, use cultivation techniques to regulate strawberry flowering time and harvest date, including the use of earlier plantings or daughter plants stored at low temperatures.
Cultivation techniques aside, the development and ripening of strawberry fruit are also regulated by plant hormones [4] . Abscisic acid (ABA) is an important phytohormone that is the main regulator of strawberry fruit ripening [5, 6] . ABA application is a potential method for regulating strawberry ripening. The length of fruit growth time is, however, closely related to fruit quality. This directly influences the commercial value of strawberry. It is not currently known whether the shortened growth period affects strawberry fruit quality. Previous studies have shown that exogenous ABA application significantly increased the in vitro anthocyanin content of strawberry [7] , but other quality parameters such as weight, soluble solids have not been studied. Therefore, the objective of this study was to investigate the effect of the timing and concentration of ABA application on strawberry fruit ripening. Moreover, the ripening-related quality of strawberry fruit were also investigated and may provide useful information about when and how to apply ABA during strawberry ripening in the field. A randomized complete block design was adopted with three replicates. Fifteen fruits were sampled per experimental treatment. To avoid the non-targeted fruit were sprayed, a very small hand-held sprayer was used. The number of full red strawberries was recorded at 4-d intervals from the beginning of treatment, and full red fruit were harvested for fruit analyses.
MATERIALS AND METHODS

Plant materials and ABA treatment
Determination of fruit weight, fruit color, total soluble solids, and titratable acid Fruit weights were measured using an electronic scale. Fruit color was measured with a chroma meter (CR-400, Konica Minolta, Japan). Results were presented as L*(brightness) value, hue angle (h°) indicating colour shade and chroma (C*) indicative of saturation or colour intensity [8] . The soluble solid content (TSS) was measured using a pocket refractometer (PAL-1, Atago, Japan). The titratable acid (TA) content was determined by repeated titrations with 0.1 mol/L NaOH to a faint pink and the malic acid content estimated as described previously [9] .
Determination of total anthocyanin content
Determination of the total anthocyanin content was conducted using the pH differential method [10] . Approximately 5.0 g of mixed strawberry fruit was extracted with 25 mL of pre-cooled 1% HCl-ethanol on ice and centrifuged at 8000 × g for 25 min at 4°C. The supernatants were measured for total anthocyanin content. Results were expressed as mg of cyanidin 3-glucoside equivalents per 100 g of FW.
Statistical analysis
Experiments were performed according to a completely randomized design. ANOVAs were carried out to examine statistical differences between treatments, using the Tukey test. Data were expressed as mean. Statistical differences were evaluated at the 5% level of significance. All analyses were conducted using SPSS software (Release Version 20; IBM, USA)
RESULTS AND DISCUSSION
Effect of exogenous ABA on strawberry fruit coloring Strawberry is one of the most popular fruits in winter in China. Based on the fruit market, the "winter strawberry" has a higher economic value in China compared with the 'spring strawberry'. Shortening the growth time of strawberry fruit, therefore, conveys a competitive advantage in winter. In the present study ABA clearly accelerated strawberry ripening in both an application concentration and timing dependent manner (Figure 1 ). We found that the optimal ABA treatment concentration and timing for strawberry is 30 mg/L ABA at DG, 30 mg/L and 35mg/L ABA at W, and 40 mg/L ABA at IR, which was ready for harvest around 4 to 12 d or 4 to 8 d earlier than the control. This also indicates that one time ABA application have obvious positive effect on strawberry ripening. Therefore, ABA application is a useful tool for growers to shorten the growth time of strawberry fruit in the winter. Effect of exogenous ABA on strawberry fruit weight and quality As the fruit growth period is closely related to fruit quality, we examined the effect of a shorter growth period on fruit quality. No effect on fruit weight was observed with ABA application (Table 1) . These results are similar to those previously observed in grapes [11, 12] and southern highbush blueberries [13] . The TSS and TA were important indicators of fruit quality. In this work, ABA treatment had almost no effect on TSS but decreased TA, especially more clear in DG stages (Table 1) . These results contradict other study in which ABA significantly increased strawberry TSS and had no effect on TA [14] . However, the results were agree with that on citrus where an ABA application could significantly decrease the content of organic acid by promoting the degradation of organic acid [15] .
The lightness, color shade and saturation of the strawberry fruit are three important parameters that affect the color of strawberry and are reflected respectively by L* values, h° values and C* values. There were no significant differences in color parameters between the control and treated fruit (Table  1) . [8] reported that ABA treatment only had little effect on L* values in grapes, but no effect on h° values and C* values.
CONCLUSION
This study demonstrated that ABA application accelerated strawberry ripening and increased TSS/TA, AsA, TPC, TFC, anthocyanin content, and antioxidant capacity, with no effect on fruit weight and color. Moreover, this suggests that ABA has no effect on yield but may improve fruit quality while shortening the growth period. This field trial offers real insights into the regulation of strawberry fruit ripening and quality by ABA. 
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